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(571 ABSTRACT

A distinctive feature of the concrete mix according to
the present invention resides in that the active filler
incorporated therein has a fraction with a particle size
of from 0.01 to 0.1 mm; as the acid-alkali-stable aggre-
gate use is made of a material selected from the group
consisting of sand and a mixture of sand and rubble at a
weight ratio therebetween of from 1:1.07 to 1:1.25. The
mixture has the following proportions of the ingredi-
ents, percent by weight:

binder 9-14
active filler 19--32
aggregate the balance.

The process according to the present invention consists
in that prior to the moulding the resulting mix is cured
in hermetically closed vessels for 7 to 14 days and the
heat-treatment of the moulded mix to produce the final
articles therefrom is effected under the following condi-
ttons: heating to 160°-200° C. for 4 to 9 hours, curing
for 3-3.5 hours at this temperature and cooling to
20°-25° C. for 5 to 10 hours.

12 Claims, No Drawings
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CONCRETE MIX AND PROCESS FOR THE
MANUFACTURE OF CHEMICALLY STABLE
STRUCTURES AND ARTICLES THEREFROM

BACKGROUND OF THE INVENTION

The present invention relates to the building materi-
als intended for the manufacture of building structures
and articles and, more specifically, to a concrete mix
and processes for the manufacture of chemically stable
structures operating under the conditions of strongly
aggressive liquid or gaseous media having predomi-
nantly an acidic reaction.

The concrete mix according to the present invention
1s useful in the manufacture of both supporting and
self-supporting, mainly reinforced structures, as well as
non-reimnforced articles having different dimensions and
shape,

Different concrete mixes employed for the manufac-
ture of chemically stable structures and articles to be
used under the conditions of aggressive media are
known among the most widespread concrete mixes
recently employed are the polymer-concrete mixes,
wherein as a binding agent use is made of various syn-
thetic resins: epoxy, unsaturated polyester resins, phe-
nolic, furan, carbamide, polyurethane, acrylic resins and
the like.

These materials generally possess high durability
characteristics and an increased chemical stability.
However, they are too expensive and have high toxicity
in the manufacture. Another essential disadvantage of
all the above-mentioned materials based on synthetic
resins resides in their inflammability and a low heat-
resistance, as well as a limited stability in oxidizing
acids.

Also known are acid-resistant concretes incorporat-
Ing water glass, acid-resistant fillers and aggregates and
modifying admixtures. As a curing agent in such con-
crete mixes use is generally made of salts of fluosilicic
acid. Such concrete mixes are widely employed for the
manufacture of prefabricated and monolithic structures
operating under the conditions of acidic aggressive
media. A disadvantage of these concrete mixes is their
insufficient mechanical strength not exceeding 250
kgf/cm? (compression) and a low water-resistance. Fur-
thermore, salts of fluosilicic acid are very toxic and
cause corrosion of steel reinforcement members. The
process for the manufacture of structures from such
mixes comprises intermixing water glass with aggre-
gates, moulding of the ready mix in a mould, followed
by heat-treatment thereof at a temperature of from 80°
to 120° C. |

Recently in the Soviet Union there has been devel-
oped a material known as silicoconcrete containing a
high silica-content silicate clod, finely ground quartz
sand, general sand, rubble and water. The silicoconcrete
features high mechanical strength properties; thus, its
compression strength is 500 kgf/cm?; it also has a high
density. Acid-stability of silicoconcrete is at least 97%.
Such concrete mixtures are employed for the manufac-
ture of prefabricated reinforced concrete members.

The process of manufacturing such prefabricated
members involves moulding and densification of the
- final mix and a heat-moisture treatment by the schedule:
- pressure elevation in an autoclave up to 12 atm for 3-4
hours, curing under 12 atm-21 hours, releasing pressure
to zero over 3-4 hours. However, silicoconcrete has
some disadvantages caused by certain difficulties in the
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- preparation of a special high-silica-content glass, associ-

ated with the necessity of using very high temperatures
(up to 1,580° C.) for its smelting. Moreover, for harden-
ing the products made from ceramsite concrete, curing
is necessary under a high pressure for a long period. All
this results in a complicated process technology and,
hence, in an increased cost of production of the final
articles.

Concrete mixes for the manufacture of acid-resistant
articles incorporating water glass, finely ground perlite,
perlite sand and andesite rubble are also known in the
art. |

Such mixes have but insufficient mechanical strength
and a low water-resistance. The process for the manu-
facture of articles from such mixes comprises mixing of
aggregates with liquid glass, followed by moulding and
heat-treatment of the moulded articles. Prior to the
heat-treatment the moulded articles are subjected to a
4-day curing and the heat-treatment is conducted as
follows: heating within the range of from 50° to 70° C.
for 3 hours, within the range of from 80° to 100° C. for
2 hours; at a temperature of from 120° to 150° C. for 3

hours. The resulting acid-resistant articles have an ulti-
mate compression strength of 280-290 kgf/cm2, bend-

ing strength—96-100 kgf/cm?. This process for the
manufacture of acid-resistant articles does not enable

the production of high-strength, dense steel-reinforced

articles.

SUMMARY OF THE INVENTION

It is the main object of the present invention to pro-
vide a concrete mix possessing a high mechanical
strength and density.

It 1s another object of the present invention to pro-
vide a concrete mix possessing a high acid-, water and
alkali-stability. I

It 1s still another object of the present invention to
provide a concrete mix which would be non-inflamma-
ble and non-toxic.

It 1s a further object of the present invention to re-
duce the duration of the heat-moisture treatment of
articles.

It 1s a still further object of the present invention to
reduce power consumption for the heat-treatment.

It is also an object of the present invention to provide
a process for the manufacture of chemically stable
structures and articles from the resulting concrete mix.

These and other objects are accomplished by the
provision of a concrete mix incorporating a binder
based on liquid glass, a finely ground active filler per-
taining to the group of volcanic water-containing glass
and an alkalt-acid-stable aggregate, wherein, in accor-
dance with the present invention, said active filler is
employed as a fraction with a particle size of from 0.01
to 0.1 mm and as the aggregate use is made of quartz
sand or quartz sand and rubble at a2 weight ratio therebe-
tween of from 1:1.07 to 1:1.25, the components being
employed in the following proportions, percent by
weight:

binder 9-14
active filler 19-32
aggregate the balance.

As the active filler in accordance with the present
invention it is advisable to use perlite, obsidian (volca-
nic glass) and vitrophyre.
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The object of the present invention is also accom-

plished by a process for the manufacture of chemically
stable structures and articles from the concrete mix of

the present invention which comprises moulding of the
resulting mix and subsequent heat-treatment thereof,
wherein in accordance with the present invention the
final mix is kept in hermetically sealed vessels for a

period of from 7 to 14 days prior to the moulding, while
‘the heat-treatment of the moulded mix to obtain the
final articles therefrom is conducted following the

schedule: heating to 160°-200° C. for 4-9 hours, curing
for 3-3.5 hours and cooling to 20°-25° C. for 5-10

hours. |

The present invention resides in the following.

In the concrete mix according to the present inven-

tion fine-dispersed fillers pertaining to the group of acid
volcanic water-containing glass. can be chemically ac-
tive components of concretes based on liquid glass at a
specific degree of fineness. Their activity 1s revealed at
an elevated temperature. As a result of hardening of the
composition, the formed tetrahydrosilicate chemically
reacts with the alkali to give a crystal hydrate. The
content of the binding agent in the system should be
strictly limited. At a higher content of liquid glass the
concrete mix is swollen upon hardening and loosened
due to liberation of free water. At a lower content of
liquid glass in the mix there is observed an insufficient
densification of the inter-grain voids thus causing pores
in concrete.
- The affinity of the resulting crystal hydrate to the
aggregate creates conditions for a high adhesion
strength in the contact zone and, hence, for the concrete
density.

Since the resulting crystal hydrate has a high silica
modulus, the final concrete has an increased water-
resistance. .

The absence of gel of silicic acid in the concrete mix
imparts an increased alkali-resistance to the mix.

Preliminary curing of the final mixture in hermeti-
cally sealed vessels creates the most favourable condi-
tions for diffusion of the binder towards the surface of
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fillers and aggregates. The mix curing time below 7 4

days does not ensure a complete wetting of the surface
of the filler and aggregate with liquid glass. At a curing
“duration above 14 days there is observed “pre-drying”
of the mix both at the account of the binder carboniza-
tion and at the account of the adsorption of the liquid by
the surface of the solid phase.

At temperatures below .160° C. the reaction of the
formation of stable crystal hydrates are either slowed-
down or do not occur at all. At a temperature above
200° C. side processes can occur in concrete associated
with recrystallization of silica, thus causing consider-
able stresses in the materla] and the formation of mi-

crodefects. -

For a better understanding of the present invention,
some specific examples are gzven herembelow by way
of illustration.”

The concrete mix according to the present invention
is prepared in several formulations (see Tables 1 to 6).
First effected 1s weight dosage of the starting compo-
nents, then the dry components are intermixed. There-
after, the dry mixture is intermixed with liquid glass in
a standard-type mixer.

TABLE 1
_____ Formulations, % by weight
Components I 11 I
Liquid glass, sodium 13 13.5 14
Fine-dispersed perlite 32 315 11 .
Quartz sand 55 55 55
TABLE 2
, Formulations, % by weight
Components | i1 [11
Liquid glass, sodium 9 9.5 10
Fine-dispersed perlite 20 19.5 19
Quartz sand 33 34 35
Rubble, granite 38 37 36
TABLE 3
Formulations, % by weight
Components I 11 11l
Liquid glass, sodium I3 13.5 14
Fine-dispersed obsidian 32 31.5 31
Quartz sand 55 55 55
TABLE 4
o | Formulations, % by weight
- Components ] 11 I
Liquid sodium glass 9 9.5 10
Fine dispersed obsidian 20 19.5 19
Quartz sand 33 14 35
Grariite rubble 38 37 36
TABLE 5
| Formulations, % by weight
Components I i 111
" Liquid sodium glass 13 13.5 14
Fine-dispersed vitrophyre 32 31.5 31
Quartz sand 55 55 55
TABLE 6
Formulations, %0 by weight
Components | i Il I11
Liquid sodium glass 9 9.5 10
Fine-dispersed vitrophyre 20 19.5 19
Quartz sand 38 39 35
Granite rubble 38 37 36
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For the manufacture of samples of articles there are
selected two kinds of concrete mixes (see Tables 1 and
2). The resulting mixes are discharged from the mixer
and placed into polyethylene bags. The latter bags are
hermetically sealed and the mix 1s kept therein for a
period of from 7 to 14 days. After expiration of a speci-

fied period the bags are opened, the mix is charged into
moulds and densified. The freshly moulded articles in
the same moulds are subjected to a heat-treatment ac-
cording to the following schedule: temperature eleva-
tion to 160°-200° C. for 5 hours, curing at this tempera-
ture for 3 hours, cooling to 20°-25° C. for 6 hours.
Extraction of the articles from the moulds 1s effected
after their cooling.

The results of tests of the samples produced from the
above-specified concrete mixes according to the present
invention are shown in Table 7.
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TABLE 7
Heating
temperature
of Properties of the final articles
Mix freshly Acid- Water- Alkali Acid Water
curtng moulded Compression Bending stabi-  stabi-  stabi-  absorp- absorp-
Mix time,  articles, - strength strength  lity, lity, lity, tion, tion,
employed days °C. MPa MPa %o To %o Yo Yo
Mix 1 7 150 45 99.0 78 59.0 0.36 0.65
(Table
D 10 160 155 47 99.1 79 59.6 0.35 0.63
14 150 45 99.0 78 59.5 0.34 0.60
7 150 45 99.0 78 59.5 0.33 0.60
10 180 160 53 99.2 80 60.0 0.32 0.57
14 155 47 99.1 79 59.7 0.32 0.59
7 150 45 99.0 18 59.5 0.36 0.61
10 190 160 53 99.2 79 59.6 0.35 0.60
14 155 47 99.1 79 59.6 0.36 0.60
Mix 2 7 130 40 99.1 77 58.0 0.37 0.67
- (Table
2) 10 160 130 40 99.2 76 59.0 0.37 0.66
14 136 42 99.2 78 59.1 0.36 0.67
1 2 3 4 5 6 7 8 9 10
7 . 132 41 99.3 79 59.5 0.31 0.57
10 180 135 42 99.2 83 59.7 0.30 0.55
14 140 43 99.3 80 59.7 0.30 0.53
7 130 40 99.0 75 58.8 0.38 0.62
10 190 135 42 99.0 76 59.0 0.37 0.63
14 135 42 99.1 77 59.2 0.38 0.65

The above-given data demonstrate that the samples
and articles are made of concrete mixes with different
active fillers and aggregates. The time of preliminary
curing of the prepared concrete mixes and the tempera-
ture of heat-moisture treatment of the moulded mixes
are different.

The articles manufactured from the above-described
concrete mixes by the process according to the present
invention possess a high mechanical strength, density,
as well as an increased acid-, water- and alkali-resist-
ance. Furtheremore, the articles are non-toxic and non-
inflammabile.

The process for the manufacture of chemically stable
concrete structures and articles according to the present
invention provides the possibility for the manufacture
of more durable and dense articles without, however,
lowering their chemical stability. The process accord-
ing to the present invention makes it possible to produce
chemically stable structures and articles on the basis of
commercial liquid glass

What is claimed is:

1. A concrete mix comprising: a binding agent based
on liquid glass; a fine-dispersed active filler of the group
of volcanic water-containing glass of a fraction of from
0.01 to 0.1 mm particle size; an acid-alkali-stable aggre-
gate selected from the group consisting of sand and a
mixture of sand and rubble at a weight ratio ranging
from 1:1.07 to 1:1.25, wherein said components are
present in the mix in the following proportions, in % by
weight:

binder 9-14
active filler 19-32
aggregate the balance.

2. A concrete mix according to claim 1, wherein as
the active filler use is made of perlite.

30

35

40

45

50

35

65

3. A concrete mix according to claim 1, wherein as
the active filler use 1s made of obsidian.

4. A concrete mix according to claim 1, wherein as
the active filler use 1s made of vitrophyre. -

5. A process for the manufacture of chemically resis-
tant structures and articles from a concrete mix consist-
ing essentially of 9 to 14% by weight of a binder based
on a liquid glass, 19 to 32% by weight of a fine dispersed
active filler selected from the group of volcanic water-
containing glass with a particle size of from 0.01 to 0.1
mm and an acid-alkali-stable aggregate selected from
the group consisting of sand and a mixture of sand and
rubble at a weight ratio therebetween of from 1:1.07 to
1:1.25, comprising curing the concrete mix in hermeti-
cally sealed vessels for a period of from 7 to 14 days,
molding the cured mix and heat treating the molded mix
to produce final articles therefrom, by heating said
molded mix to a temperature of from 160° to 200° C. for
about 4 to 9 hours, then curing the molded mix for
about 3 to 3.5 hours and finally cooling said molded mix
to a temperature of from 20° to 25° C. for a period of
from about 5 to 10 hours.

6. A process according to claim § wherein said active
filler is selected from a member of the group consisting
of perlite, obsidian and vitrophyre.

7. A process according to claim § wherein said active
filler is perlite.

8. A process according to claim § wherem said active
filler is obsidian.

9. A process according to claim § wherein said active
filler is vitrophyre.

10. A concrete mix according to claim 1in which said
active filler is selected from the group consisting of
perlite, obsidian and vitrophyre.

11. The molded product obtained by curing and
molding the concrete mix defined in one of claims 1-4
or 10.

12. A chemically resistant structure obtained accord-

ing to one of claims 5 to 9.
X ¥ %k ¥k B
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